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CONTRIBUTIONS TO GEOCHEMICAL PROSPECTING FOR MINERALS 

BRYOPHYTES ASSOCIATED WITH MINERAL DEPOSITS 
AND SOLUTIONS IN ALASKA 

Many bryophyb species are awociated with mncentrationa of minerah, but 
In Alaeka onIy two 61pecIes seem to have an obligate relation to certain mlnerala ; 
thew species are fYvmmmb ~ f t l o b a ,  which grows on or near copper dewits, 
and W m m h  mfitima, which grows on coastal mcW that are continually bebeing 
coated with eodinm chbride from 8ea spray. ETardia &tar& grows on soil con- 
tafnlng 0.6 gercent copper, and OEdgoWtekum pamtlehm and 0. h m ~  grow 
on mLneralIzed rock containing 0.26 percent nickel and 0.a percent copper. 
Rhmmit&m .slCC1BtCC&m was found growing on comr ore that contains 30.45 
prcent coppsr. Boil containing 1&Zl5 ppm (parts per miMon) copper in 
the A horlmn aupport~ many species. Only Ceplsawa b$mfldata  was found 
growing on an ore veln that mntaIns 12.9 percent lead and %LO percent *c, 
although wveral otbw bryopbgte species grew on rock adjrrcent to the rein. 
Boil containing 1,300 gpm lead and 870 ppm nine does not inbibit brgopbste 
gromb. Lmudant bryopbyte mats overlie mil that containe 40 ppm mercury, 
95 PPm antimony, and W pprn arsenic In tbe A horizon. t l k p h m f m a  t*lao- 
pRgl lun ,  Ueplnalwfa Bicuspidata, D&melb cemhmlata, A?. s&lulmta, an8 
LophoNa m z e l i  grow on gypaum evaporite and are Incmted with tbl8 
mineral. Eleven species grow en tufa deposltq and some sp?cies are heavily 
hcrusted. Only a few sgecies g m v  on pyrite, but many species gruw Over pg~ite 
bodies on the acid A horizon of mil that containis 200 ppm lead, 150 pgm she, 
and 400 gpm m c .  Limonite precipitated from stream water fa forming f o d l  
cash of vascular plants and liverworts and, In places, has formed consdl- 
dated deposlm of these. High iron content in water apparently dms not inhibit 
the growth of bryogbyh, and many qpwies ocrmr in thla environment. Serpen- 
ttnised rock weathera to form soil containing as much as 4,000 pprn nickel and 
800 PRm chromium, yet these element8 have no vlsibIe effect on the bryoflora; 
21 species, both calcicole and stlicoIe, mere found growing on serpeatinized r o e .  
Six br~ophyte M e s  grow on substrates that are Plnbmerged in wslea water at 
high tide, and 25 m i e s  were found at sites subjected to sea spray. 

INTRODUCTION 

During the sumem of 1957,1958, and 1960, while a member of a 
add party of the U.S. Geological Survey engaged in gmchanical 
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a C O N T R M O N 8  TO O E m M I W  PROWECTING FOR hLINERALEI 

investigations, I studied plant-mbstmte rel~tions in widely sepamtd 
regions of &&a and the Yukon Territoy. Our itinerarg ~ n d  amas 
of htsnsive study were described by Persmn (1963) in his accomt 
of soma bryophyte species that I collected. Although my principsl 
studies concerned va*ular pltlnts as indicators of m i n e d  deposits 
I coIlded bryophy tes in dl mgions that our party visited and noted 
the characteristics of the ~ubstrates on which the bryophytes pw. 
I n  identieing the rocks and minerals that nrpported bryophytes, I 
had the sssistanw, of gealogista. Robert M. Chapman, Charles T. Pre- 
witt, and Donald H. Shaw. Chemists Walter A. Rowles, Danid B. 
Hawkins, and Christian E. Wyller, Jr., analyzed smp1les of suhtrrrtes 
in the field, which fwflitateci the location of mineralized Bites from 
which plant samples were collected. 

Aftar each field mason, the University of Michigan Herbarium, 
Am Arbor, Mich., the Biology Department of h r g e b w n  College, 
Gwrptown, Ky., and the U.S. Geological Sumey llbboratories in 
Denver, Colo., provided facilities with which to mntim stadia of 
the specimens and data. A most valnabla lasse;t. was the pneroua 
assistance of Dr. Herman P e m n ,  Ribuseeta  Pdeobotaniska 
Avdelning, Stockholm, Swede~h in examining and nllrning a11 my 
bryophyte specimens. I slm thank Dr. Shoichiro Hayashi of tha 
Geological Survey of Japirn far translating a Japanwe report. 

BR'JTO- SPECIES, COMMUNZTIEB, AND W l T A T B  
ABSOCUTED WITH MINERllL ENRICEMENT 

Certain +es of brpphg-tes are known to be either m m o d  J or 
exclusively amiatail with minsml deposits Most significant of thesa 
are the "wpper rnwm," which were discussed st  length by Mkrtenmn 
and Bsrggmn (ISM), Schatz (1955), P e m n  (1948,1956), and othem, 
References to the m i a t i o n  of brgophyta with metallic elements 
other than copper are sparsa in botanical literature, but some of t h w  
references are given in the papers by the above-cited authors. 

The original plant communities around most netalliferous deposits 
thnt were examined in Alaska had been disturbed during exploration 
or mining, but the vegetation st abandoned mines had ~eestaMished 
iWf. Mining operation8 often make available large exposures of 
mineralized rock ta plant growth, and the widespread dispersal of 
dust and debris from mining may grovid~ extensive areas of mineral- 
enriched substrates near the mines, Thus, man's disturbance of these 
areas generally has increased, rather than diminighed, the opportuni- 
ties for the inff uenm of conoentnrted elements an pbnt growth. 

Bry0phy-h that grow on om are adapted ta p w h g  on mck surf turn 
or on fresh inorganic mils and have, in addition, a &stance to or a 
requirement for the metallic elements in the ore. Organic snbtmtea 



may become greatly wntaminaOed by metallic elements md m y  sup- 
port spsciaa that chra~risticrtlly grow on wnwntnrnhated organic 
depositg rather h n  on rock surf= ; thus, a large number of species 
may be influenced by these elemenk If a spcia that grows at a 
mineralimd site is found also st s nonminedized site, only the toler- 
ance of or resistance to certain elements is indicated. If a species 
occurs only on mineral-rich ~ubstrates (which, I be1 ieve, rarely happens 
in Almka), its requirement for rt particular element is indicated but 
not proved; its Wriction to these sites may be due to competition with 
species that are less t4lmant of the element, Of mum, the mntml- 
ling factor irt the amwrenca of a species may be only the great 
acidity of the substrate produced by weathering of sulfide ores--not 
the particdar metal of the ore, as was suggested by P e w m  (1948, p. 
77-78]. 

The ~egetation associated with mineral depo~its that are not om 
grade, and with rninentls that are not commercially exploited in 
Alasktr, was also stndid.  Plants on these deposita generally had not 
bsen p t l y  disturbed by man, and daphic climax communities pre- 
vailed. Plant cornmunitim p w i n g  in concmtrahd solutions of cal- 
cite, im, a d  salt (sea water) were investigated also. 

It was not practical in this study to analyze chemically the bryophyte 
plants and thus relate them more closely to their minerd-bearing sub- 
stratas, as w w done extensively with vwular plants. OnEy the pub 
straw were analyzd; the amounts of the elements absorbed by the 
bryophytea, are unknown. Bryophytes generally grow in such inti- 
mate cunhct with their suhtmtes that contamination of the plant 
surfam may, in chemical analysis, mask the sm~1I amom& of metallic 
elements present in the plant tissue. If content of elements in bryo- 
phytas ia to be determined, spacial deaning p d u m  are first news- 
sary to rid the plants of superficial wntamination. 

All bryophyte species found associated with mineral deposits and 
solutions in Alaska are listed in table 1. The species are further 
characterized aa growing either on or near the minerals. The term 
"on" indicates that the plants were, at the time of study, actually in 
contact with the surfam af the mineral or were inerusM with the 
mineral. The term $'near" indicates that the plants p w  on material 
derived dimttly from the mineral or that they were so located that 
solutions from the mineral deposit strongly influenced them, If the 
epecies were f o h d  to Ix submerged by tides or waves or were found 
growing on d r i f t w d  in the sea, they are mportd gs "in" msea water. 
If they wem o d y  very n a r  the sea but were not periodically wb- 
merged, they am reported as being subjected to "spray." This latter 
category has rather indefinite limits; generally it is applied .only to 
those s p i e s  growing within 30 feet of the strand. 
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BRYO-B ASSOCIATED WITH IN ALhSlCh 

INFLUENCE OF MINERAL DETOBITS AND BOLUTIONB 
ON BRYOPHYTESI 

Copper depmita that our field party studied in A l a b  contain 
chalcopyrite (CuFAS,) and bornite (CusFeSI) BS primary minerah 
and malachite {CUCO~-CU(OH) ,) , azurite (2CuCOB.Cu(OH),), and 
chrpcolla (CuSiOa.2HSO) as mndary minerals. Some n~tive cop- 
per was also found. 

The largest area of copper-contaminated soil that we examined is 
near t;hs Beatson mine on Latouche Island. Rere, where the plant 
ao.tnm11flity is camposed almost entirely of Nardkc& a&& and the 
herb Bu~Sfvuga, f emqima, Graham, the A, soil horizon contains more 
than 6,000 ppm (parts per million) (0.6 percent) copper, which ia the 
patest  concentmtion of copper in soil that we found in Maka (the 
amount of lead is also great-200 ppm) . Fmwr (1961) described the 
growth of the mom PohXu n&aw on even mare bighZ~r concentrated 
syngmetic copper deposits in New Brunswick peat soil-them con- 
centrations of copper (3-10 percent) Idled the trees et  this site. He 
said (p. 956), "The p-ce of Pah& mutans in th0 swampy forest 
invariably indicates excessive surfam copper content." 

We freqnently found the moss 0 ZigatP.ichum hmcgmhm associated 
with copper deposits. This species waa collectad at, mven mineralimd 
~ites in Alaska and at  two sita where there was no apparent mineral 
enrichment. It is  only associated with nickel-copper deposits 
on Yakobi Island, matheastern Alaska, and forms, with 0. pmaWal-um, 

only plant growth on debris from an exploration pit into a min- 
eral id  b d y  that  was reported by Reed and Dorr (1942, p. 123) to 
average 0.26 percent nickel and 11.21 percent copper. 1 mnId not de- 
termine whether the metal content of this debris or ita physical nature 
(coam unweathered rock fmgments and virtually no organic matter) 
had excluded other bryophytes from this site. Deposits at many 
others sites, however, had a similar phpical nature but a lower metal 
contant and were d~nsely colonized by other species. Therefom, I 
believe that the chemical properties of the deposits at the Yakobi 
Island sits exclude other species. 

The liverwort G p w c o b a  mtz%&a was found only in association 
with copper minerals; this fact lands support to reports in the litera, 
tnre that this liverwort is probably aa obligate cuprophile. I described 
its occwmmce on Latouche Island (Shacklette, lNl) ,  whew the abun- 
danm and pigor of this species on a mil having high c~pper content 
are noteworthy. 

At the K-M capper mine near Mrtclsmn Glacier, Alaska Range, a 
vein of high-@a copper ore that contains as mnch as 30.45 pwcmk 



copper (Chapmm and Saunders, 1964, p. 5 )  wad3 eposed by pmqm- 
tors, m d  only R h i t M  d e t b  now grows directly on the 
om. This speck is not limited to rnbstmt~ rich in copper, but it 
d m  have hlerance to high cone~ntmtiona of this dement. Immedi- 
a*ly above this vein the Pirtually rmndistnrbd mountain tnndra mi1 
bars the usual shrubs, forbs, and grasses. ThiEl mil contains 166-21E 
pprn copper in the A horizon and 850-375 pprn copper in the B-C 
horizon. The bryophytm on this soil are, among others, Barf- 
ithyphynQ, R ~ h y t h s ~ m  &&am, Demmtodm Zatif o l h ,  Po@- 
t&hm $fm.m, Tmhlammegka., and T&mmrh qwhqwdrntda. 
The same spies am found also on the nearby tundra &I, which hw 
a Iow copper content. 

M ~ ~ n  (1956, p. 140), in reference to coppar content of soils, 
atad, "* * * amounts higher than 100 pprn are mrtainly poisonous 
for v w l a r  plmb at least when the substratum is not strongly basic." 
My obssrvations of Alaskan mwuhr plan@ homv8r, hinmta that 
they tolerate considembly more than 100 pprn soil copper without 
being poisoned, even on tan wid soil. I believe that, in geneml, brgo- 
phytes can tderata e m  mom capper than cm vascular planh. 

P b t s  associated with them two elements are dimssed together be- 
mum lead and zinc minerals occur together at tbe Mahoney Creek mine 
an RevilTagigedo Island, southeastern Alaslra-the only site which we 
examined that has lead and zinc deposits of are grade (Twenhofel, 
1953; Shacklet@ 1980). h d  o m s  here in galens ( PbS) and zinc 
m n m  in sphalerite (ZnS ) in a vein deposit summded by blrrclr slate. 
The ore was unco~ered by prospectors, and it and the adjacent black 
slate are now complplehly colonized by bryophytes. The liverwort 
Cephdozb b & ~ ~ p 3 &  covera the entire surface of the om, to the ex- 
clusion of all other plant species (fig. 1). Om t a h  from this e x p d  
rack surface contains 18.9 p m n t  lead, N.0 percent zinc, 18.0 percent 
silicon dioxide, 7.8 percent iron, and trace amounts of oopper;amnic, 
and antimony ( a w y  in 1958 by Ralph Pray, A m y  Ofiice, Territory 
of Alaska). Exposums of the surrounding black slate m occupied 
by Diptophyam &ham, Nnrs~~peEa m ~ g i r a a t $  M&m g h h w -  
0 8 ,  Pohlk mutam, and Xcapuak vm?mhta 

The soil of thia area is classified as Half -Bog and is  cam^ of fine- 
taxtumd brown peat having some m i n e d  dmixtura The soil over 
the om vein contains m average of 1,300 pprn lead and 870 pprn zinc. 
Similar soil 3 M  fat fmm the vein averagw 20 ppm l e d  and 30 
pprn zinc. Bryophytes grow luxuriantly on both soils, the most abun- 
dant spacieg being E y h ~ ~  qbndw var. &gmtem, PoZy- 



BRYOPXFPTES kSS0CIhTED WITH MINERAL8 IN hLAGKh a 

FIOTIRT: 1.-Hrsophrtv9 on nnil rmnr n pnlrnn-sphaterlt~ ore rcfn at Mahoney Crcck, 
Pl~eIlladppdo lulanrl. A l n ~ k : ~ .  " r h ~  P T I ~ O ' P ~  ore vein nt t h r  12-Inch nller and on t h e  
rahrtlvnl ha~rtnce tn the rtrht urf roritu*r 16 c x n c t l ~  lodlcated hy the dark-colored nren of  
the Ilrerlmrt C e ~ h a l o r t o  Irlru~frff!alrr. Other brynphytc ~ppclerr mlrer the black a l ~ t e  
arlJnrent to the %win. I ' h n t n ~ r n ~ i b r r l  June 15. 1968. 

Irichwm. fm ornun, rind Rh y f jrJide7p hwq losreua, but, many ot hpr spe- 
cies nre R ~ S O  prrscnt ; togcthfr they mnke n moss mtkt 4-6 inch~s  thlck 
over the soil. The v e T  wet north-temperature climate hem is s p e -  
cittlly fnvonhls to tho p w t h  of Iqophytes, and colonizntion by 
masses on felled trees nnd nawly expos4 mck or soil surfacw is rtlthr 
rapid. 

MERCURY, A N T I M O N Y ,  AND ARSENIC MIXERALI3 

Ginnnhnr (HES) is rlirrer~t 1y mined at Red Devil on t h ~ .  Kuskokwirn 
R i v ~ r ,  Ifirrr?r Xirpr (li7trict. There, i t  occum in vein deposits 
that nlso contain s t i h n i t ~  (Sb,S,), reatgar ( A s s ) ,  and orpiment 
(As,,$,) (Cndy and otlwrs, 1955, p. 10.5-306). Pr~anrn~My, the soil in 
the vicinity o f  thr! mine, mill, nnd smelter Ilns 1wn contrtrninaterl n9 n 
result of wre~rtll y~flrs' operntion of t11e.m iristnlIntions; howev~r, both 
bqopbytea find rnsrul~r plnnts appearctt to lm c,mnrka.bl y annflecterl. 
Mosses common to the region ~ m w  in a cinnnbar mill and srn~ltnr 
drainage str~nrn in which metallic mcrcliry could be seen, nnd plnnta 
on R n~ountnin ttindrn slope imrnerlintely adjacent to and on n level 
with the mercury -smel ter exhnnst s t ~ c k s  appeared undnmaged. No 



mhhta, UepJbaZo& bhp ida ta ,  and Luphoaia wslaasrsG. Tlma 
plants at this dte wem dimmed in an earlier paper (Shacklette, 1961, 
p. 9-10]. The great tolerance of some moElses to gypsam was men- 
tioned by Flowers (1933, p. 86) ; however, the A ldan  ggpm de- 
pmits are tm d l  for um in testing the tolerance of the northern 
bryoflora. 

FTRITl 

A large near-surface outcrop of m w i w  sulfides-chiefly pyrite 
(Faz) ,  but containing some copper, lead, and zinc sulfid-urs 
on Latouche Island. According to Stejar (1956, p. 1141, "Pyrita is 
by far the must abundant mined, and in many places the rnwive 
a&de is ~smtial ly pure pyrite.'' Eight ore samples from one claim 

- contained 10 percent or more iron (Shjer, 1956, p. 116). Natural 
rmrfaca outcrops of this ore am rare, but several are sparsely colonized 
by brgophytm, as d d b e d  in &n earlier paper (Shackletta, 1961, 
p. 1&11). I do not know whether the metal or the sulfur ions of ththege 

compounds exert the gmahr influence on the plant communities asso- 
c i ~ t d  with them. 
Thwe sulfide bodies are m d l y  overlain by a Half-Bog soil that 

grades to Bog soil in depressions. A thick mat of mosses and other 
plants covers the highly organic A soil horizon, which conhim as 
much as WO ppm lead, 150 gpm zinc, and 400 ppm copper. The 33-C 
soil horizon contains as much as 200 ppm bad and 800 pprn zinc, and 
it contains more than 4,000 pprn copper at certain, sites. Iron-stained 
layers am common in the B-C horizon and contain as much as 21 
percent iron. Thuq the rich bryoflora here b subjected to large 
amounts of these metals and to an abundance of water, which may 
faciIitate element migration in the distinctly acid environment. 
The sulfur content of the mil probably i s  very high also. No &is- 

tinctive species or mxnmunitiea are p m n t ,  however, that I mn relate 
to the muma1 chemical wmposition of this subshte. The only factor 
controlling species or sommunity occurrence at the sample sites seemed 
to €M the amount of watsr p m n t .  

Only the bryophytea that &re raI&ted ta tufaceous deposits of cal- 
cita (CaCOs) -not the ordinary calcicolous spacieebare considered 
hem. A small area (about 2 sq mi) of active tufa formation was ob- 
served in a, stream flowing into Bergh Lake, Mount McKinley Nationd 
Park, Alaska Range. Sediments in this dream contain 8.8 percent 
c~rbonates (GOs) ; only bryophytes grow in and adjacent to this 
st-, and many of them are so heavily coated with cdcite that only 
the tips of the plants are pliable. D ~ m Z a d w  . w v u l u ~  and 
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undisturbed outcrop of cinnabar that bryophytes muld have colonized 
were found; but cinnabar was found in placer deposih and in rock 
wed to mrface a road, as well as h d  ths mine shah, and it did 
not appear to have had any effect on the m o m  growing near it. We 
e x p e a  some cinnabar outcrops by digging and found trm and shrub 
roots that were in -tact with the mined.  Branchw of the plants 
having root contact contained anomalous ~~l loants of mercury (as 
much as 8.5 ppm In ash of the shrub L e d m  &Wm ssp. &nor 
( Ait.) Hult.) , mtianony ( SO ppm in BeikZu &&$era Britton) , and 
amnic (6 ppm in B. resinifma; Lorraine Pathen, analyst), yet the 
p2mnts showd no toxicity symptoms. 

Where undisturbed, the mineralized ama is c o d  with s thick 
moss and shrub mat overlying a Half-Bog sail. The As md B 
horizons of this soil contain aa much MI 40 ppm mercury, 95 ppm 
antimony, and 900 ppm a m i c  (W. A. Bowles, andysb). Gold- 
mhmidt (1954, p. *8$ reported the occurrence of drops of metallic 
mercu y under the moss cover of the forest floor near memnrg deposits 
in the Rhine Palatinab; however, 1 did not find my in or under the 
m m  mats near the Red D&l mine. 

All bryophyb ~pecies growing in the vicinity of the Red Devil 
mine probably am exposed to greater than usual conmtmtions of 
mercury, antimony, and arsenic in their substrates. ' The portal of the 
adit at the inactive Barometer cinnabar mine was very ~xkmive1y 
vegetated with bryoph* and although a qnantitative dehrmination 
of the mncentmtion of thme elements wan impraotical, the amounts 
doubtless are large. Pkgiothcim btwm was growing abundantly 
on the rotting timbers at the portal, and CaWiergon cdifoGum, 
C i ? i e  C t d M e g ,  Dmpmmladw wmi&, and Mn%'m pwta -  
h m  var. e l a t m  flourished in the small drain leading from the mine. 
Thus, them species apparantly have a high degree of reshtanca to  the 
t h  elements, but I do not imply that other species of byophytes 
in the vicinity axe not. equally resistant. 

W e  found only two gypsum (C.aSOc*2RgO) d0posiN each of mall 
extent (abut 0.50 sq m) . At both, the gypsum m u m  as evaporite 
from water seeps that issue from m k  cliffs, On the deposit at Eldo- 
rado C d ,  near Kantishna, Alaska Range, only the liv~rwort BZsphQ- 
~ o a t m t ~ ~  t ~ b p h y l Z u m  p w s ,  and it is hmvily incmshd with gyp- 
sum. The other deposit, on the slrmte cliffs at the B&n mine, 
htouche Island, is mupied mostly by the moss D b m m  o m i m  
latu, which is so heavily incrustad with gypsum thd only the branch 
tips am p n .  Other bryophytcs growing on this deposit am D. 



IP~unas 2.-Colonization b? R r l i r i i d i ~ m  r l r i r ium (hlark currhlons In thp rpnteF and along 
RsprtrPa) .  Sflaglnrlla arlrirlra i 1 I ~ h t  tuflr, left wrlrrr). nnrl r r l l s t o ~ ~  81Id follosr! lichens 
on ubnded L ) U ~ C P O P  or ferpentlnl~ed bpllrock nPer 1,lrrncwd. Alnnkn. P h o t n ~ a ~ r h e d  
June 31, 1960. 

Serpentinizecl rocks 11nving full  sun ~xposuw romrnonly lack bry- 
ophpt~s or, in some Ioraliti~s, a r ~  cobnized by large dense mats of 
L'lt~wn?mifri~tm. Jnnngjt>a.u~tnr lig. t i ) ,  pnernl ly :~rrompttni~d by 
S~Jgqinr/?n 8ihir;i.n (31 ilde) ITi~ron. The moss plants ~ h n w n  it1 figure 
3 11nrr tin rhizoidal attachment to the rocks or to the 1.5 inches of 
r~drlial~-hrn~\*rl I~ighllp organic "soil" on tho underlying rocks; the 
~ r ~ ) l w r - l ~ : ~ r - t  of tllr mry;.: stclns j s  living, find thr, lower pzrt is dtro~n- 
p ~ i n g  tn fonn  t h ~   nil" bene:itl~. which hns x pH of fi.0. Tl~r rtppar- 
t*nt, cro~vtlt rxte 11f t 1 1 ~  ~ I R I I ~ S  i~ 0.25 iricli per pnnr.. Endividunl sterns 
R ~ P  n h n (  9.6 i n c l ~ ~ s  lo~lc ant? have ;I cfilculnted nEe oaf nbout. 88 yenrs. 
TIIP Irn@h of t ilnr IlrcPssary to pmdnce the underlying "soil" cozlld 
not. 'hn ~s t in latc t l .  A t  the ~ R S R  of serpentinized ho~~ lde l .~ ,  ~ n t l  on t l i ~  
soil nanrl jy, :Ire mossvs r I ~ n , t  :Ire common to the region, i~iclud ing Crmt- 
otlm pvTprI,rr?t.v, Dicmnwa ~ V R C P B G ~ ~ E S ,  D. ?/ndr /7~t?~?*,  D. ~fongrr l  wm. 
Is'rrrlr?/n n71,lv?n, pt7ch~?/.unl?, Ilrd~li,q;a ci?iafo. PoJy f richum pili f~mrm,. 
JZhyfidir/?~~, rv~.ye.uvwz, and I l 'o i~in  uirYu7a. J,ivern.orts RTP not com- 
rnnn n t  t l i~se  sitrs, probably lwcnuse of exeesive dryness of the sub- 
stm t ~ s :  I'!rrCoroIrrr r>t!,)v w i ~ s  3 1 1 ~  0111y species fo~nnd. 

Arb :I s i t r  ti~fir T C I I ~ I P ,  s~rpe~ltinize<l rwk crops out in n mvinc 
tftrongh ~ v l ~ i r l ~  :I st IP:IFII i ln\vs : the area is thus favorable for thp Inow 
mesic nncl hyrlric I~~ 'yr~pl l? t~< .  N!~gr~?typn~rrn ochrmevm p \ v s  sob- 
merscd and ntlarhrrl tn t h p  rmk, mid IZ. J~rridm and i?r?li8i;d;~t~~? 



Bronam 8.-Mat of Rhacone$trium lanupinoslam atending aver talila of nerpentlnlleed rock 
nenr Hngle, Alouka. The site haa in11 sun expatlure, Photographed June 28, 1RBO. 

dpico7a grow on moist, serpentine at  the stream margins, On the 
drier rocks Encalyptn procem and E. bomqAw7le p w  intermixed. 

In summary, my limited study of the bryoflora of rxerpentinized rock 
in Ahskn points to d ~ e  same conclusions as were reached by Xapno 
nnd S o p c h i  (19GO)-that this rock does not support a iliatinctire 
flora. -411 s p i e s  found on it rere nlse found on o t h ~ r  kinds of rock. 
Moreover, I found silicolt. and calcicole species growing intermixed ; 
1 also found incIicutions of R succession similar to that reported on 
serpentine in ,T~pnn--tll~t is, from a m ~ r p o a s  (Grirnmiaceae) to 
pleurocarpous ( Hppnnceae j rnoses. Alpine and snbmlpinp species 
am RIPO present on the Alaskan serpentine, but these species occur 
commonly on vnrious s u b ~ t r a t ~ s  in this part of ,Uask~. I saw no 
a r i d ~ n c ~  thxt the cll~rnical natu1.e of ~ r p e n t i n e  limits the bryophpte; 
species that cnn prom- QII it. T h e  common species of the region are 
suffici~nt'ly olirotmpic ~ n r l  resistant to nickel and chromium to grow 
on wrpnt ine rcrck~. or on soils cIerived therefrom. if the miter supply 
rind insolnt.ion mwt the requifements of the particular species. 

IRON OXID= 

R v o p h y t ~ s  wprp found a t  w.ereraF i u a ~ k a n  locations in mntsr of 
streams nncl pools that. rontained m~fic iet~t  iron compounds to color 
the wnter yellom to reddish yellow. The iron compounds were not 
identified; thus, they n r c  b r e  referred to xs limonite, an inclusive 
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